Background Use of large clinical and administrative databases for orthopaedic research has increased exponentially. Each database represents unique patient populations and varies in their methodology of data acquisition, which makes it possible that similar research questions posed to different databases might result in answers that differ in important ways.
Abstract
Background Use of large clinical and administrative databases for orthopaedic research has increased exponentially. Each database represents unique patient populations and varies in their methodology of data acquisition, which makes it possible that similar research questions posed to different databases might result in answers that differ in important ways. Questions/purposes (1) What are the differences in reported demographics, comorbidities, and complications for patients undergoing primary TKA among four databases commonly used in orthopaedic research? (2) How does the difference in reported complication rates vary depending on whether only inpatient data or 30-day postoperative data are analyzed? Methods Patients who underwent primary TKA during 2010 to 2012 were identified within the National Surgical Quality Improvement Programs (NSQIP), the Nationwide Inpatient Sample (NIS), the Medicare Standard Analytic Files (MED), and the Humana Administrative Claims database (HAC). NSQIP is a clinical registry that captures both inpatient and outpatient events up to 30 days after surgery using clinical reviewers and strict definitions for each variable. The other databases are administrative claims databases with their comorbidity and adverse event data defined by diagnosis and procedure codes used for reimbursement. NIS is limited to inpatient data only, whereas HAC and MED also have outpatient data. The number of patients undergoing primary TKA from each database was 48,248 in HAC, 783,546 in MED, 393,050 in NIS, and 43,220 in NSQIP. NSQIP definitions for comorbidities and surgical complications were matched to corresponding International Classification of Diseases, 9 th Revision/ Current Procedural Terminology codes and these coding algorithms were used to query NIS, MED, and HAC. Age, sex, comorbidities, and inpatient versus 30-day postoperative complications were compared across the four databases. Given the large sample sizes, statistical significance was often detected for small, clinically unimportant differences; thus, the focus of comparisons was whether the difference reached an absolute difference of twofold to signify an important clinical difference.
Results Although there was a higher proportion of males in NIS and NSQIP and patients in NIS were younger, the difference was slight and well below our predefined threshold for a clinically important difference. There was variation in the prevalence of comorbidities and rates of postoperative complications among databases. The prevalence of chronic obstructive pulmonary disease (COPD) and coagulopathy in HAC and MED was more than twice that in NIS and NSQIP (relative risk [RR] for COPD: MED versus NIS 3.1, MED versus NSQIP 4.5, HAC versus NIS 3.6, HAC versus NSQIP 5.3; RR for coagulopathy: MED versus NIS 3.9, MED versus NSQIP 3.1, HAC versus NIS 3.3, HAC versus NSQIP 2.7; p < 0.001 for all comparisons). NSQIP had more than twice the obesity as NIS (RR 0.35). Rates of stroke within 30 days of TKA had more than a twofold difference among all databases (p < 0.001). HAC had more than twice the rates of 30-day complications at all endpoints compared with NSQIP and more than twice the 30-day infections as MED. A comparison of inpatient and 30-day complications rates demonstrated more than twice the amount of wound infections and deep vein thromboses is captured when data are analyzed out to 30 days after TKA (p < 0.001 for all comparisons). Conclusions When evaluating research utilizing large databases, one must pay particular attention to the type of database used (administrative claims, clinical registry, or other kinds of databases), time period included, definitions utilized for specific variables, and the population captured to ensure it is best suited for the specific research question. Furthermore, with the advent of bundled payments, policymakers must meticulously consider the data sources used to ensure the data analytics match historical sources. Level of Evidence Level III, therapeutic study.
Introduction
T he use of large clinical and administrative databases for orthopaedic research has increased exponentially over the last decade ( Fig. 1) [11, 12] . Access to extremely large volumes of patient data has allowed researchers to answer questions previously difficult to evaluate using smaller single-institution cohort studies. Additionally, these large databases have allowed for more robust analysis of trends in procedures, complications, and outcomes after surgery. Furthermore, administrative claims databases are now being utilized for the public reporting of surgical outcomes with subsequent penalties for underperforming institutions [6, 14] .
Although powerful in their ability to analyze large cohorts, each database summarizes the experiences of a unique patient population and varies in their methodology for data acquisition [11, 12] . These intrinsic differences may result in inconsistencies of reported comorbidities and surgical complications. Recently, studies have evaluated differences in reported comorbidities and surgical complications for multiple large databases across many surgical specialties, including orthopaedic surgery [2] [3] [4] [7] [8] [9] [10] . For example, Bohl et al. demonstrated differences in inpatient adverse events after hip fracture surgery between the National Inpatient Sample (NIS) and National Surgical Quality Improvement Program (NSQIP) databases with frequencies of acute kidney injury and urinary tract infection in NIS being more than twice those in NSQIP [3] . Understanding the differences among these databases is important for appropriately evaluating research utilizing them.
Therefore, we asked: (1) What are the differences in reported demographics, comorbidities, and complications for patients undergoing primary TKA among four databases commonly used in orthopaedic research? (2) How does the difference in reported complication rates vary depending on whether only inpatient data or 30-day postoperative data are analyzed?
Patients and Methods
A retrospective study of patients who had undergone primary TKA was performed with four databases commonly used in orthopaedic research: NSQIP, NIS, Medicare Standard Analytic Files (MED), and the Humana Administrative Claims database (HAC). Only procedures that occurred between 2010 and 2012 were evaluated because these were the years of data available across all data sets. Patients undergoing primary TKA were identified using Current Procedural Terminology (CPT) code  27447 and International Classification  of Diseases, 9 th Revision (ICD-9) code 81.54. All data within these databases are deidentified and Health Insurance Portability and Accountability Act-compliant and were thus exempt from institutional review board approval.
The NSQIP database is maintained by the American College of Surgeons and uses trained clinical reviewers to perform data collection through chart review and patient/ surgeon contact utilizing strict definitions for each comorbidity and complication variable catalogued [1] . This database captures both inpatient and outpatient events up to 30 days after surgery and there is roughly an equal mix of public and private hospitals in the cohort. Routine auditing of the NSQIP database is performed to ensure standardized data collection. Audits have demonstrated high data reliability with disagreement rates of < 2% [13] . Additionally, the database reports if any data are missing for a given variable to allow researchers to appropriately address the missing data. The three additional databases (NIS, HAC, and MED) were queried utilizing the PearlDiver Research Program (www.pearldiverinc.com; PearlDiver Inc, Fort Wayne, IN, USA). All three of these databases are administrative claims data sets with their comorbidity and adverse event data defined by reimbursement data in the form of ICD-9 and/or CPT codes. The HAC and MED databases utilize both ICD-9 and CPT codes and capture both inpatient and outpatient events. For the MED and HAC databases, there are no time intervals after which outpatient events are no longer captured other than limitations by what years are included in the respective databases. In this study, outpatient events were only analyzed out to 30 days after TKA to allow for comparison to NSQIP. The NIS consists of a 20% sample of all inpatient discharges and includes only inpatient data. Similar to HAC and MED, NIS comorbidity and adverse event data are defined by reimbursement data for the inpatient admission of interest; however, only ICD-9 codes are supported by NIS. Although the absence of CPT codes in NIS does somewhat limit the accuracy of identifying complications that required a return to the operating room (ie, infection), this is unlikely to greatly limit the findings of this study because return to the operating room during the inpatient stay was overall a rare event, ICD-9 procedure codes do capture operations, and only the infection variables and cardiac arrest variable had CPT codes included (for HAC and MED) in their definitions along with ICD-9 diagnosis codes that are individually quite specific for these particular complications. The validity of administratively coded comorbidity and complication data in the total joint arthroplasty population has been studied by Bozic et al. [5] . They reported varied concordance between administrative claims and the clinical record, citing a high degree of specificity (> 92%) for all comorbidities and complications but a lower degree of sensitivity (29%-100%) suggesting comorbidities and complications in the administrative claims record are accurate but often incomplete [5] . The number of patients undergoing primary TKA analyzed in this study Fig. 1 Demonstrated is the exponential use of large databases for orthopaedic research in recent years. The following search query was used to identify the number of database TKA studies in PubMed each year: (("total knee replacement" or "total knee arthroplasty" or "knee replacement" or "TKA" or "total knee" or "knee replacement") AND ("NIS" or "nationwide inpatient sample" or "NSQIP" or "national surgical quality improvement program" or "PearlDiver" or "national database" or "insurance database" or "database")).
was 48,248 in HAC, 783,546 in MED, 393,050 in NIS, and 43,220 in NSQIP.
Definitions from the NSQIP user manual for seven comorbidities (morbid obesity, obesity, coagulopathy, diabetes, hypertension, chronic obstructive pulmonary disease [COPD], and smoking; Table 2 ) were matched to corresponding ICD-9 and CPT codes and compared for all patients across all databases. These particular comorbidities and complications were chosen because they were thought to be most relevant to patients undergoing TKA and they were felt to be most accurately matched to corresponding ICD-9 codes based on their NSQIP definitions. NSQIP variables not included were either unrelated to patients undergoing TKA or the definitions were extremely specific and did not have an adequate corresponding ICD-9 code. Additionally, patient demographics (age at the time of surgery and sex) were also compared across data sets.
Postoperative complications were evaluated and compared over two different time periods: those that occurred during the inpatient stay (NIS, NSQIP, HAC, MED) and those that occurred within 30 days of the primary TKA (NSQIP, HAC, MED).
Lastly, the differences in rates of complications occurring during the inpatient stay versus those occurring within 30 days after surgery were compared for databases with both of these times points available (NSQIP, HAC, MED). Demographic characteristics were compared between databases with use of the Pearson chi-square test. Given the manner in which age data are provided by the PearlDiver research program for HAC, NIS, and MED, we compared age of patients between databases based on which age group the median age at the time of TKA fell within. A p value of < 0.05 was considered significant. Prevalence of comorbidities and complication rates was compared among databases with use of relative th Revision; SAH = subarachnoid hemorrhage; CPT = Current Procedural Terminology code; NA = the endpoint of deep surgical site infection was not compared for inpatients because we were unable to appropriately match procedure codes representing operative infection for NIS given this database does not include CPT codes. risk (RR) and corresponding 95% confidence intervals. However, consistent with other database comparison studies, the large sample sizes and associated high power allowed for detection of statistical significance for small, clinically insignificant differences [3, 4] . Thus, the focus of these comparisons was on the magnitude of the differences, specifically utilizing an absolute difference threshold of greater than twofold to signify an important clinical difference.
Results

Demographic Comparisons Among Databases
Age distribution was clinically similar among databases with median age falling within the 70-to 74-year-old age group for NSQIP, MED, and HAC and 65 to 69 years for NIS (Fig. 2) . The female-to-male ratio was 1.7 to one for NIS and NSQIP and 1.8 to one for HAC and MED. Despite observed statistical differences (p < 0.001 for age breakdown and sex ratios), these differences were small and well below our predetermined thresholds defining clinically important differences.
Differences in Comorbidities and Complications
Overall there was some variation in the prevalence of comorbidities (Fig. 3 ) and large variation in rates of inpatient complications (Fig. 4) and postoperative complications occurring within 30 days of TKA among databases compared (Fig. 5) . However, given that many small and clinically unimportant differences were statistically significant in the RR analysis, the focus of these comparisons was on the absolute difference in comorbidities and complication rates using a threshold of a twofold difference to define clinical importance. Table 3 ).
The occurrence of inpatient complications was compared among all four databases included in this study ( (Table 5) .
When looking at the number of complications captured by the databases relative to the time period 
Discussion
In an era of increasing use of large clinical registries and administrative claims databases for orthopaedic research and assessment of hospital quality, our study demonstrated that among four commonly utilized databases, there is considerable variation in prevalence of complication rates after primary TKA despite relatively similar demographic and comorbidity profiles across these data sets. Additionally, a large percentage of complications is not captured if only inpatient events are analyzed and included within the database. These findings highlight the importance of understanding the methodology utilized to create each respective database. Limitations to this study include the inability to link specific patients across databases used in this analysis. If we were able to specifically identify the same patient within each database, we would have been able to provide a true measure of validity and determine the most accurate database for analyzing complication rates after TKA. It is likely the same patient may be represented in multiple databases because HAC does contain patients with Medicare advantage plans and both NSQIP and NIS represent a sample of the population not defined by an insurance provider. However, the degree to which there is overlap between these databases is not known. Although we are unable to determine the effect of overlap between databases from this study, we would assume a lesser degree of overlap would result in a lower degree of concordance among the findings in each database. Additionally, there was the potential for bias resulting from limitations of ICD-9/CPT coding and the strict nature of NSQIP definitions of comorbidities and complications possibly resulting in imperfect matching of some variables. For example, in the case of DVT, the NSQIP variable requires diagnosis and treatment, but for the administrative claims data, the treatment threshold is not a necessity for a diagnosis. Although matched as closely as possible, the differences in NSQIP definitions and ICD-9/CPT coding for a given variable likely played a large role in reported differences in NSQIP and administrative claims databases. Lastly, a twofold cutoff was used as a threshold for signifying excessive differences in the prevalence of comorbidities and complications. This threshold may have not signified clinically important differences of more common comorbidities/ complications that had higher baseline prevalence because it would have still needed to double or halve to meet this cutoff. For example, 66% of NSQIP patients undergoing TKA had hypertension (HTN) and thus as few as 33% of patients could only have HTN in the other databases to meet this threshold. However, we believed that having a higher cutoff threshold was imperative to highlight the large clinically important differences within these data sets. Despite differences in age and sex observed between databases, the magnitude of these differences was quite small, and all of them fell well below our a priori definitions of what would represent a clinically important difference. Similar findings have been reported in other database comparison studies with small, likely clinically unimportant differences found when comparing both patients with hip fracture and those undergoing lumbar spine fusion in NIS and NSQIP [3, 4] . These findings are important because they demonstrate that despite similar demographic profiles, patients undergoing TKA have wide variability in the prevalence of comorbidities and postoperative complications depending on the specific database utilized for analysis. The differences in prevalence of complications for the various databases in this analysis are likely a result of the differences in methodology used to categorize complications for each respective data set. Additional reasons for differences in complication rates may be the manner in which the data are collected (trained clinical reviewers in NSQIP versus coders for administrative claims databases) and the primary reason for the data collection (quality assessment for NSQIP versus billing for administrative claims databases). These differences seem to apply to both inpatient and outpatient complications. We suspect that NSQIP, which utilized chart abstraction by trained clinical reviewers with strict definitions for complications, is likely more accurate than administrative claims databases given limitations in ICD-9/CPT codes and the need for accurate documentation. The concern for the accuracy of administrative claims data relative to clinical registries such as NSQIP has recently emerged in the literature across multiple surgical specialties [2] [3] [4] [7] [8] [9] [10] . Two of these studies performed by Bohl et al. compared NSQIP with NIS for patients with hip fracture and patients who underwent lumbar spine surgery utilizing similar methodology as the present study [3, 4] . Both studies demonstrated variation in rates of inpatient adverse events depending on the database after either hip fracture or lumbar spine surgery despite having similar patient populations [3, 4] . Additionally, similar to the current study, limitations of data sets that only included inpatient data were highlighted in these articles because over half of SSIs, DVTs, and urinary tract infections after hip fracture surgery and over half of SSIs and mortalities after lumbar spine surgery are not captured by NSQIP if the time period analyzed is limited to only inpatient data [3, 4] . However, despite the data cited and the results of this study, the differences in prevalence of complications among databases cannot be entirely attributed to methods of data acquisition (specifically, administrative claims versus clinical registry) because even comparisons among multiple administrative claims databases in this study had drastically different results for the complications of stroke and SSI (Figs. 4, 5) despite querying the database with the exact same methodology.
Although we found a number of clinically important differences across the four databases we evaluated, we still believe each of these databases has important roles to play in orthopaedic research. Clinical registries such as NSQIP likely would be best utilized to evaluate the impact of comorbidities on specific complications after surgical procedures given their prospective collection of data, robust review of multiple sources to obtain clinical information (chart abstraction, medical providers, and patients), and their well-defined definitions for each included variable. However, NSQIP is limited to a short followup period (30 days) and is just a small sample of voluntarily participating hospitals, which limits the ability of this type of database to estimate disease prevalence or to examine trends. Prevalence of disease or trends over time are probably best studied with administrative claims databases such as NIS, MED, or HAC because they are more representative of the general population and generally have more years of data included. Additionally, administrative claims databases appear to be better suited for financial analysis, analysis of questions outside the scope of strict clinical definitions often associated with clinical registries, and to evaluate complications that occur further in time after the index procedure (ie, revision of a TKA) because specific patients can be followed for the entire time period they remain within a given claims databases. Although in this study, inpatient-only analysis missed a number of clinically important complications that occurs in the 30 days after discharge, inpatient-only databases such as NIS can still be very useful because they often allow for better analysis of length of stay issues and are usually less geographically limited compared with other databases. The strengths and weaknesses of these databases must be considered when evaluating literature that utilizes a large administrative claims database or clinical registry.
In conclusion, this study demonstrates that among clinical and administrative databases commonly used in orthopaedic research, there is considerable variation in the prevalence of comorbidities and rates of complications after primary TKA depending on the database and postoperative time period used for analysis. The drivers of this variation are likely the result of major differences in the variable definitions, collections methods, and patient cohorts. When evaluating research utilizing large databases, one must pay particular attention to the type of database used (administrative claims, clinical registry, or other kinds of databases), the duration of followup, and the population captured in that data set to ensure it is best suited for the specific research question. Furthermore, attention must also be paid to definitions utilized to define comorbidities and complications to ensure they accurately represent the variable of interest. Lastly, in the era of value-based health care, these differences must be considered when developing risk adjustment models for initiatives such as bundled payments. In the development of these programs, policymakers must carefully consider the data sources used to ensure the data analytics match historical sources. For example, if administrative claims data will be used actively within a bundle, then expected rates and risk adjustment models should be built off of those data.
